Introduction
============

Pregnancy-induced hypertension (PIH) is a multi-system disease with unknown etiology, including hypertensive disorder complicated pregnancy such as eclampsia, or preeclampsia combined with chronic hypertension ([@b1-etm-0-0-6668],[@b2-etm-0-0-6668]). Symptoms of patients are manifested as facial swelling, leg edema and headache during pregnancy. In addition, complications of PIH patients include eclampsia, placental abruption, oliguria, anuria, blurred vision and hemolysis, elevated liver enzymes and low platelet count (HELLP) syndrome ([@b3-etm-0-0-6668]). Common symptoms of infants born to PIH mothers include intrauterine death (IUD), intrauterine growth retardation (IUGR), perinatal asphyxia, neonatal infection, bleeding, and other complications ([@b4-etm-0-0-6668]). Advances in modern biochemistry, histology and enzymology research, changes in the maternal body and their effects on the fetus can now be accurately observed ([@b5-etm-0-0-6668]). However, PIH is the leading cause of maternal and fetal morbidity in developing countries due to poor assessment of the health status of pregnant women. It is reported that more than 60,000 maternal deaths each year are caused by PIH worldwide ([@b6-etm-0-0-6668]). The mortality rates of infants with a low birth weight in the perinatal and neonatal periods were 10% and 40--50%, respectively ([@b7-etm-0-0-6668]).

PIH is defined as systolic blood pressure (SBP) \>140 mmHg and diastolic blood pressure (DBP) \>90 mmHg. According to different scores, it is subdivided into three stages: the mild stage (SBP=140--149 mmHg and DBP=90--99 mmHg), the moderate stage (SBP=150--159 mmHg and DBP=100--109 mmHg) and the severe stage (SBP ≥160 mmHg and DBP ≥110 mmHg), whose symptoms are manifested as hypertension and proteinuria ([@b8-etm-0-0-6668]). At present, the pathogenesis of PIH is not yet fully elucidated. Previous studies revealed that the possible pathogeneses are shallow placenta accreta, trophoblastic ischemia and hypoxia, vascular endothelial cell injury, immune and inflammatory reaction disorders and thrombosis ([@b9-etm-0-0-6668]). Of these, the placenta plays a key role in the pathogenesis of PIH ([@b10-etm-0-0-6668]). In this study, hypertensive pregnant rats were used as study models to explore the relationship of the expression of inflammatory cytokines with blood pressure and urine proteins in the placenta.

Materials and methods
=====================

### Experimental animals

A total of 135 Spragne-Dawley rats were purchased from the Hunan Slack Jingda Laboratory Animal Co., Ltd. (Changsha, China), including 60 females and 75 males, aged 2--3 months and weighing approximately 200--250 g. The rats were bred in the specific-pathogen-free (SPF) environment, in which sufficient water and fodder were guaranteed. The temperature was kept constant at 25°C, the light time was 6 a.m.-6 p.m., the relative humidity was approximately 70%, and the experiment was started after the rats were bred for one week to adapt to the environment. The study was approved by the Ethics Committee of Qilu Hospital of Shandong University (Jinan, China).

### Establishment of PIH rat models

The purchased adult rats were bred in a cage at a ratio of female:male=4:5. Vaginal secretions of female rats were scraped at 9:00 every morning, which were then smeared on glass slides to be observed under a microscope (Olympus Corporation, Tokyo, Japan). If sperms were found, the day would be recorded as day 0 of pregnancy, indicating that all the females were pregnant. These rats were normally bred until day 15 of pregnancy, and then 60 pregnant rats were randomly divided into the normoxia with normal blood pressure group (control group, n=20), the 10% hypoxia-induced PIH group (hypertension group, n=20) and the group in which caudal veins were consecutively administered with an anti-hypertensive drug, Treprostinil for one week after 10% hypoxia-induced PIH (treatment group, n=20).

### Data collection

The caudal vein blood pressure of the three groups of pregnant rats was tested on day 15, 18 and 21 of pregnancy with a rat caudal artery non-invasive blood pressure monitor, respectively. Specific operation procedures were carried out. Tails of rats were fixed using rat fixators and heated at a constant temperature, and the pressurized tail cuff and the pulse transducer were sequentially placed at the appropriate position of rat tails to determine the initial pulse level. To measure blood pressure, the rubber balloon was inflated and pressurized, so that the pressure within the pressurized tail cuff was increased until the pulse completely disappeared. Approximately 20 mmHg pressure was further increased, and then slow deflation for decompression was conducted until the pulse signal was restored to the initial level. At this time, systolic blood pressure, diastolic blood pressure, mean arterial pressure and heart rate were read from the pressure capsule or recording system. Measurement was continuously conducted five times, and the average value was taken as a measurement value, followed by collection of 24 h urine proteins on day 15, 18 and 21 of pregnancy. On day 22 of pregnancy, chloral hydrate was used for anesthesia, and pregnant rats were sacrificed via cervical dislocation. The typical placenta of the two uterine horns was dissected and rinsed with saline, which was then absorbed by the filter paper and stored at −80°C in a refrigerator for standby application.

### Detection of messenger ribonucleic acid (mRNA) levels of interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) by reverse transcription polymerase chain reaction (RT-PCR)

Rat placental tissues were removed on day 22 of pregnancy, and the total RNA was extracted with TRIzol reagent (Invitrogen, Carlsbad, CA, USA) according to the manufacturer\'s protocol. The extracted total RNA was dissolved in diethyl pyrocarbonate (DEPC)-treated water. The concentration of RNA was measured at a wavelength of 260 nm using spectrophotometry (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Complementary deoxyribonucleic acid (cDNA) (1 µg) was synthesized using the Takara Reverse Transcription kit (Takara Bio, Inc., Otsu, Japan; cat. no.: 639505, Japan). ReverTra Ace quantitative PCR (qPCR) RT kit (Toyobo, Osaka, Japan; cat. no.: FSQ-101) was used to measure the mRNA level of each index. Reaction conditions were: 50°C for 10 min; 95°C for 5 min; 95°C for 15 sec followed by 60°C for 30 sec; a total of 40 cycles. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was taken as the internal reference. The relative expression level of each index was calculated as: 2^−∆Cq^ \[∆Cq = Cq (target gene) - Cq (GAPDH)\]. Primer sequences of each target gene and internal reference used were: GAPDH (forward: GATGCTGGTGCTGAGTATGTCG; reverse: TGGTGCAGGATGCATTGCTGA); IL-6 (forward: AATCTGCTCTGGTCTTCTGGAG; reverse: GTTGGATGGTCTTGGTCCTTAG); TNF-α (forward: GACTTTAAGGGTTACCTGGGTTG; reverse: TCACATGCGCCTTGATGTCTG).

Detection of protein levels of IL-6 and TNF-α in placenta tissues by western blot analysis and immunohistochemistry. Placenta tissues of the rats were cut into pieces and homogenized. Then an appropriate amount of radioimmunoprecipitation assay (RIPA) lysis buffer (Beyotime Institute of Biotechnology, Guangzhou, China) was added and homogenized with the mixed solution of 1% cocktail protease (Proteintech Group, Inc., Chicago, IL, USA). After centrifugation at 13,000 × g for 30 min, the supernatant was taken to determine its protein concentration. Protein samples (40 µg) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE). The total protein membrane was transferred using polyvinylidene fluoride (PVDF), and the bands were incubated using the primary antibodies and anti-rabbit secondary antibodies of IL-6 (1:800; Abcam, Cambridge, UK; cat. no. ab6672) and TNF-α (1:600; Abcam, cat. no. ab6671). Hypersensitive chemiluminescence (Millipore, Billerica, MA, USA) was used to detect the abundance of the target protein under an enhanced chemiluminescence (ECL) system (Millipore). Image Lab software (Bio-Rad Laboratories, Inc., Hercules, CA, USA) was used to analyze the gray level of the target protein. The relative content of the target protein was the ratio of the gray level of the target protein to the corresponding internal parameter bands. The results were analyzed by independent t-test.

Tissue samples were fixed in 4% neutral formalin for 12 h, dehydrated by gradient ethanol and embedded in paraffin, and then serially sectioned at 4 µm. The slices were dewaxed and hydrated. After 30 min of permeation with 5% Triton and 15 min of microwave-treated antigen retrieval, the slices were incubated with 3% H~2~O~2~ deionized water for 10 min to block the action of endogenous peroxidase. Subsequently, the slices were dropwise added with 100 µl primary antibodies of IL-6 and TNF-α (diluted at 1:500, Santa Cruz Biotechnology, Inc., Santa Cruz, CA, USA) and incubated at 4°C overnight. Then the slices were washed with phosphate-buffered saline (PBS), dropwise added with horseradish peroxidase-labeled goat anti-rabbit secondary polyclonal antibody (1:1,000; cat. no. ab6721; Abcam), and incubated for 30 min at room temperature, followed by 3,3′-diaminobenzidine (DAB) color development with PBS as a negative control. Four different fields of view of each slice were randomly selected, and the optical density value under each field of view was measured, respectively.

### Statistical analysis

Statistical Product and Service and Solutions (SPSS) 10.0 software was used for data analysis. Measurement data were expressed as mean ± SD. ANOVA was used for comparison between multiple groups and the post hoc test was SNK test. Correlation analyses of inflammatory cytokines with blood pressure and urine proteins were conducted using Pearson\'s correlation analysis. Quantification analysis was performed using an unpaired Student\'s t-test. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparisons of the average blood pressure and urine protein in the three groups of rats

At different time points (day 15, 18 and 21 of pregnancy), blood pressure and urine proteins were measured, respectively, and the average value was calculated. As shown in [Table I](#tI-etm-0-0-6668){ref-type="table"}, compared with those in the control group, blood pressure and urine proteins in the hypertension group were significantly increased (P\<0.05). However, the treatment group was given anti-hypertensive drugs after inducing hypertension. There were no statistically significant differences in blood pressure and urine proteins at different time points between the control group and the treatment group (P\>0.05).

### mRNA levels of IL-6 and TNF-α in placenta tissues of pregnant rats

On day 21 of pregnancy, placenta tissues were extracted and ground for RNA extraction. mRNA levels of IL-6 and TNF-α were detected. Results ([Fig. 1](#f1-etm-0-0-6668){ref-type="fig"}) showed that mRNA levels of IL-6 and TNF-α in the hypertension group were higher than those in the control group (P\<0.05), while there were no statistically significant differences in mRNA levels of IL-6 and TNF-α between the treatment group and the control group (P\>0.05).

### Protein levels of IL-6 and TNF-α in placenta tissues of pregnant rats

Proteins in placenta tissues were extracted, and protein levels of IL-6 and TNF-α were detected. Results showed that the average protein levels of IL-6 and TNF-α in the hypertension group were higher than those in the control group (P\<0.05), while there were no statistically significant differences in protein levels of IL-6 and TNF-α between the treatment and control groups, suggesting that the expression levels of IL-6 and TNF-α are positively correlated with PIH ([Fig. 2](#f2-etm-0-0-6668){ref-type="fig"}).

### Detection of the expression levels of IL-6 and TNF-α in placenta tissues by immunohistochemistry

Placenta tissues were isolated, fixed and embedded in paraffin. Slices were used to detect the expression levels of IL-6 and TNF-α in placental tissues using immunohistochemistry. As shown in [Fig. 3](#f3-etm-0-0-6668){ref-type="fig"} and [Table II](#tII-etm-0-0-6668){ref-type="table"}, IL-6 and TNF-α were negatively expressed in the control group but positively expressed in the hypertension group at a high degree, and the expression levels of IL-6 and TNF-α in the hypertension group were significantly higher than those in the control group (P\<0.05). IL-6 and TNF-α were positively expressed in the treatment group at a low degree, and the expression levels of IL-6 and TNF-α in the treatment group were significantly lower than those in the hypertension group (P\<0.05).

### Correlation analyses of IL-6 level in placenta tissues with blood pressure and urine proteins

Placental proteins were extracted, and the expression level of IL-6 proteins was detected. The correlation analysis of the expression level of IL-6 with the corresponding blood pressure of rats was conducted. Pearson\'s correlation analysis was used to analyze the correlation between IL-6 and blood pressure, and between IL-6 level and urine proteins. Results showed that the IL-6 protein level was positively correlated with blood pressure and urine proteins ([Fig. 4](#f4-etm-0-0-6668){ref-type="fig"}).

### Correlation analysis of TNF-α level in placenta tissues with blood pressure and urine proteins

Placental proteins were extracted, and the expression level of TNF-α proteins was detected. The correlation analysis of the expression level of TNF-α with the corresponding blood pressure of rats was conducted. Pearson\'s correlation analysis was used to analyze the correlation between TNF-α and blood pressure, and between TNF-α level and urine proteins. Results revealed that the TNF-α protein level was positively correlated with blood pressure and urine proteins ([Fig. 5](#f5-etm-0-0-6668){ref-type="fig"}).

Discussion
==========

Hypoxia induction method was used to establish the model of PIH in this study, and the expression levels of blood pressure, urine proteins and inflammatory cytokines in placenta tissues were further measured in order to analyze the correlation of the expression of inflammatory cytokines in placenta tissue with blood pressure and urine proteins. The main purpose of this study was to provide a scientific basis and a new study perspective for the prevention of PIH in the first trimester of pregnancy.

PIH, especially preeclampsia (PE), is considered a multifactorial disease. There are many theories about PIH pathogenesis, and their common feature is that the placenta plays a key role ([@b11-etm-0-0-6668]). The 'two-stage model' theory holds that placental implantation, vascularization or dysfunction and the role of maternal factors can lead to PIH ([@b12-etm-0-0-6668]). Factors associated with PIH pathophysiology include cardiovascular adaptations and vasoconstriction, genetic predisposition, poor immune tolerance of the placenta to maternal tissues, platelet activation and vascular endothelial dysfunction ([@b13-etm-0-0-6668]). In addition, a study has shown that the co-existing PIH metabolic disorders can lead to endothelial dysfunction, hyperlipidemia and insulin resistance, which are associated with PIH ([@b14-etm-0-0-6668]). Sgambati *et al* found that compared with those with normal pregnancy, the reduction of the level of the angiogenic factor \[vascular endothelial growth factor (VEGF)\] in umbilical cord blood of patients with PIH is inhibited, and the ratio of angiopoietin 1/pro-angiogenin 2 is significantly reduced ([@b15-etm-0-0-6668]). Abnormalities in immune factors such as autoantibodies, oxidative stress and natural killer (NK) cells can lead to placental dysfunction and impaired placental perfusion. The latter, as a stimulus for the placenta releasing anti-angiogenesis and inflammatory mediators, will eventually lead to endothelial dysfunction and organ damage ([@b16-etm-0-0-6668]). The increased numbers of activated monocytes and macrophages in the endometrium of PIH patients and the increased production of antioxidants, redox factors and reactive oxygen species (ROS) lead to vascular endothelial dysfunction in PIH patients ([@b17-etm-0-0-6668]). A study has shown that NK cell function of patients with early-onset severe preeclampsia is associated with the production of cytokines ([@b18-etm-0-0-6668]).

According to clinical reports, the possible pathogeneses of PIH patients include the excessive inflammation reactions of the matrix on the uterine placenta, a large amount of cytokines released by the placenta, and the production of various inflammatory cytokines such as TNF-α and IL-6 in immunoactivated endothelial cells and lymphocytes in blood circulation, which promote various immune responses. Endothelial cells interact with inflammatory cells in the body and promote the development of hypertension during pregnancy ([@b19-etm-0-0-6668],[@b20-etm-0-0-6668]).

In this study, hypoxia-induced PIH model was applied to measure blood pressure and the concentration of 24 h urine proteins in each group on day 15, 18 and 21 of pregnancy, respectively. On day 21 of pregnancy, the experiment was terminated, the placenta was taken, the mRNA and protein expression levels of IL-6 and TNF-α were measured, respectively, and the expression level of tissues was detected by immunohistochemistry. Compared with those in the control group, the expression levels of IL-6 and TNF-α in the PIH group were significantly increased, and immunohistochemistry results revealed that the expression levels of IL-6 and TNF-α were also significantly increased, proving that inflammatory cytokines, IL-6 and TNF-α are positively correlated with blood pressure and the concentration of urine proteins.
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![Detection of mRNA levels of TNF-α and IL-6 in placenta tissues of pregnant rats using fluorescence quantitative PCR compared with those in the control group. NS, not significant. \*\*P\<0.05; \*\*\*p\<0.01.](etm-16-05-3793-g00){#f1-etm-0-0-6668}

![Detection of protein levels of IL-6 and TNF-α in placenta tissues of pregnant rats using western blot analysis. NS, not significant. \*\*P\<0.05. (A) Representative of western blots of IL-6 and TNF-α protein expression. (B) Quantitative analysis of the results of western blot analysis.](etm-16-05-3793-g01){#f2-etm-0-0-6668}

![Detection of the expression levels of IL-6 and TNF-α by immunohistochemistry.](etm-16-05-3793-g02){#f3-etm-0-0-6668}

![Correlation analyses of IL-6 level in placenta tissues with blood pressure and urine proteins. Placental IL-6 level of the hypoxia-induced PIH rat model is positively correlated with blood pressure (A) and urine proteins (B). R^2^ values are 0.895 and 0.825, respectively, and Pearson\'s correlation analysis was used.](etm-16-05-3793-g03){#f4-etm-0-0-6668}

![Correlation analyses of TNF-α level in placenta tissues with blood pressure and urine proteins. Placental TNF-α level of the hypoxia-induced PIH rat model is positively correlated with blood pressure (A) and urine proteins (B). R^2^ values are 0.655 and 0.736, respectively, and Pearson\'s correlation analysis was used.](etm-16-05-3793-g04){#f5-etm-0-0-6668}

###### 

Measurement results at three time-periods of the average arterial pressure and urine protein in three groups of rats.

                       Blood pressure (mmHg)   Urine proteins (mg/ml)                                                                                                                                                                                                                  
  -------------------- ----------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- --------------------------------------------------------- ---------------------------------------------------------
  Control group        100.3±3                 101.2±2.5                                                 102.3±2.5                                                 155.3±13.6                                                165.3±5.1                                                 165.3±5.1
  Hypertension group   102.8±2                 146.6±2.1^[a](#tfn1-etm-0-0-6668){ref-type="table-fn"}^   156.6±2.1^[a](#tfn1-etm-0-0-6668){ref-type="table-fn"}^   166.3±6.9^[a](#tfn1-etm-0-0-6668){ref-type="table-fn"}^   566.3±7.3^[b](#tfn2-etm-0-0-6668){ref-type="table-fn"}^   566.3±7.3^[b](#tfn2-etm-0-0-6668){ref-type="table-fn"}^
  Treatment group      106.2±3                 103.3±3.2                                                 110.3±3.2                                                 145.3±8.6                                                 153.3±7.9                                                 153.3±7.9
  P-value              \>0.05                  \<0.05                                                    \<0.05                                                    \>0.05                                                    \<0.05                                                    \<0.05

P\<0.05

P\<0.01 compared with those in the control group.

###### 

Comparison of the optical density values of IL-6 and TNF-α in placenta tissues among the three groups.

  Target   Control group   Hypertension group                                         Treatment group
  -------- --------------- ---------------------------------------------------------- -----------------------------------------------------
  IL-6     35.6±12.8       282.1±57.5^[a](#tfn3-etm-0-0-6668){ref-type="table-fn"}^   66.33^[b](#tfn4-etm-0-0-6668){ref-type="table-fn"}^
  TNF-α    39.9±13.1       346.5±49.6^[a](#tfn3-etm-0-0-6668){ref-type="table-fn"}^   56.28^[b](#tfn4-etm-0-0-6668){ref-type="table-fn"}^

P\<0.01 compared with those in the control group

P\<0.01 compared with those in the hypertension group.
